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APPARATUS AND METHOD FOR 
PROCESSING DIGITAL AUDIO SIGNALS OF 

PLURAL CHANNELS TO DERIVE 
COMBINED SIGNALS WITH OVERFLOW 

PREVENTED 

BACKGROUND OF THE INVENTION 

1. Background of the Invention 
The present invention relates to an audio signal process 

ing apparatus and an audio signal reproducing apparatus for 
use With for eXample a DVD reproducing apparatus. 

2. Description of the Related Art 
Most of sound tracks of movies performed in movie 

theaters are of surround type. In the latest surround system, 
a discrete multi-channel system of Which signals are 
recorded in a digital format rather than a matrix format has 
been used. In such a system, a sound can be freely moved in 
forWard, backward, leftWard, rightWard, and peripheral 
directions so as to create an impressive sound ?eld With a 
presence effect. 

In a large-storage disc-shaped record medium for use With 
a multimedia application such as a DVD, a record format has 
been standardiZed for satisfying demands of high picture 
quality and high sound quality. A DVD can record surround 
audio signals of digital 5.1-channels. FIGS. 3A and 3B shoW 
the comparison of channel structures and sound ?elds of the 
digital 5 .1-channel system and a conventional analog four 
channel system. 

FIG. 3A shoWs the channel structure and sound ?eld of 
the analog four-channel system. The analog four-channel 
system is composed of four channels that are L (front left), 
C (front center), R (front right), and S (surround) channels. 
FIG. 3B shoWs the channel structure and sound ?eld of the 
digital 5.1-channel system. The digital 5.1-channel system is 
composed of ?ve channels that are L (front left), C (front 
center), R (front right), Ls (rear left), and Rs (rear right) 
channels and 0.1 channel of LFE (LoW Frequency Effect) 
channel. The LFE channel is used for a super Woofer to 
reproduce an ultra loW frequency component. The informa 
tion capacity of the LFE channel is as small as 1/10 times the 
information capacity of each of other channels. Thus, the 
LFE channel is referred to as 0.1 channel. 

The DVD reproducing apparatus is structured corre 
sponding to the digital 5 .1-channel system. Thus, the DVD 
reproducing apparatus can reproduce audio signals of 5.1 
channels. In addition, the DVD reproducing apparatus has 
an audio signal processing apparatus that performs a doWn 
miXing process corresponding to the conventional tWo 
channel stereo audio system. When the audio signal pro 
cessing apparatus performs the doWn-miXing process, signal 
levels of digital signals are attenuated so as to prevent 
excessive audio signals from being generated. The attenu 
ated digital signals are calculated and then converted into 
analog signals. The analog signals are ampli?ed again. 

HoWever, in a method for attenuating digital signals, if the 
LSB (Least Signi?cant Bit) side is insuf?cient against the 
number of quantiZed original signals, When the signals are 
attenuated, information of the original signals is lost. Thus, 
even if the signal levels of the resultant signals are restored 
to the signal levels of the original signals, lost information 
on the LSB side is not restored. In other Words, a nuance and 
so forth of music are lost. In addition, since digital signals 
are attenuated, analog signals are ampli?ed. Thus, ampli? 
cation factors of analog ampli?ers should be raised. 
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2 
Consequently, since noise levels on the analog stage 
increase, noise of reproduced signals becomes conspicuous. 
In this case, unless the ampli?cation factors of the analog 
ampli?ers are raised, the users Will sense a decrease in signal 
levels. 

OBJECT AND SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
an audio signal processing apparatus and an audio signal 
reproducing apparatus that perform a doWn-miXing process 
Without deterioration of sound quality. 

To solve the above-described problem, the invention of 
claim 1 is an audio signal processing apparatus for calcu 
lating audio signals of a plurality of channels and forming a 
combined audio signal, comprising a calculating means for 
calculating digital audio signals of a plurality of channels, a 
detecting means for detecting levels of the digital audio 
signals of the plurality of channels, and a means for pre 
dicting Whether or not an occurrence of an over?oW of the 
combined audio signal Will take place corresponding to an 
output of a calculating process of the calculating means and 
an output of the detecting means and for attenuating a digital 
audio signal of at least one channel of the plurality of 
channels When the occurrence of the over?oW has been 
predicted. 

The invention of claim 2 is an audio signal processing 
apparatus for calculating audio signals of a plurality of 
channels and forming a combined audio signal, comprising 
a calculating means for calculating digital audio signals of a 
plurality of channels, a detecting means for detecting levels 
of the digital audio signals of the plurality of channels, and 
a means for predicting Whether or not an occurrence of an 
over?oW of the combined audio signal Will take place 
corresponding to an output of a calculating process of the 
calculating means and an output of the detecting means and 
for varying the phase of a digital audio signal of at least one 
channel of the plurality of channels When the occurrence of 
the over?oW has been predicted. 
An audio signal reproducing apparatus, comprising a 

reproducing means for reproducing digital audio signals of 
a plurality of channels from a record medium, and a signal 
processing means for processing reproduced digital audio 
signals, Wherein the signal processing means has a calcu 
lating means for calculating digital audio signals of a 
plurality of channels, a detecting means for detecting levels 
of the digital audio signals of the plurality of channels, and 
a means for predicting Whether or not an occurrence of an 

over?oW of the combined audio signal Will take place 
corresponding to an output of a calculating process of the 
calculating means and an output of the detecting means and 
for attenuating a digital audio signal of at least one channel 
of the plurality of channels When the occurrence of the 
over?oW has been predicted. 

According to the present invention, When signals are 
doWn-miXed by a digital calculating process, if an occur 
rence of an over?oW is predicted in a combined signal, an 
attenuating process or a phase varying process is performed. 
Since signals are not alWays attenuated, information on loW 
order bit side can be prevented from being lost. In addition, 
since analog ampli?ers do not need to compensate attenu 
ated signal levels, noise can be prevented from increasing. 
The above, and other, objects, features and advantage of 

the present invention Will become readily apparent from the 
folloWing detailed description thereof Which is to be read in 
connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is Block diagram shoWing the overall structure of 
an embodiment of the present invention; 
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FIG. 2 is Block diagram showing the structure of a DSP 
according to the embodiment of the present invention; and 

FIGS. 3A and 3B are schematic diagrams for explaining 
an example of a surround sound system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Next, With reference to the accompanying draWings, a 
DVD reproducing apparatus according to an embodiment of 
the present invention Will be described. The DVD reproduc 
ing apparatus shoWn in FIG. 1 has a digital surround 
processor (DSP) 11 as an audio signal processing apparatus. 
The DSP 11 performs a decoding process for digital 5.1 
channel signals corresponding to the above-described multi 
channel discrete surround system and a calculating process 
for doWn-mixing signals. 

In FIG. 1, reference numeral 1 is a DVD from Which data 
is reproduced. The DVD 1 is rotated and driven by a spindle 
motor 2. An optical pickup 3 reads recorded data from the 
DVD 1. Data that is read by the optical pickup 3 is supplied 
to an RF processor 5. Control information is supplied from 
a drive controller 7 to the RF processor 5. The RF processor 
5 converts an RF signal that is read from the DVD 1 into 
digital data corresponding to the control information 
received from the drive controller 7 and supplies the result 
ant digital data to a data processor 6. The RF processor 5 
generates a tracking error signal, a focus error signal, and a 
spindle servo signal and supplies the generated signals to a 
servo signal processing portion 4. 

The servo signal processing portion 4 performs a tracking 
controlling process, a focus controlling process, and a 
spindle controlling process corresponding to control infor 
mation received from the drive controller 7. In addition, the 
servo signal processing portion 4 performs a thread control 
ling process for traveling the optical pickup 3 in the radial 
direction of the DVD 1. In FIG. 1, reference numeral 9 is a 
system controller. The system controller 9 centrally controls 
each portion connected through a data bus and generates a 
control signal. The control signal generated by the system 
controller 9 is supplied to a drive controller 7, a demulti 
plexer 8, an audio decoder 10, the DSP 11, and an MPEG 
video decoder 14. 

The data processor 6 performs an ECC (Error Correcting) 
process and a decoding process for an output of the RF 
processor 5 and supplies the resultant data to the demulti 
plexer 8. The demultiplexer 8 separates a video stream and 
an audio stream from the output of the data processor 6. The 
separated video stream is supplied to the MPEG video 
decoder 14. The audio stream is supplied to the audio 
decoder 10. 

The audio decoder 10 converts the audio stream into a 
digital audio signal/elementary stream. The digital audio 
signal/elementary stream is supplied to the DSP 11. The 
control signal is also supplied from the system controller 9 
to the DSP 11. The DSP 11 performs a digital process for the 
digital audio signal/elementary stream received from the 
audio decoder 10 corresponding to the control information 
received from the system controller 9 and generates a 
predetermined digital audio signal. 

In reality, the DSP 11 performs a decoding process for a 
multi-audio signal, a mixing/?ltering process for mixing a 
loW-pitched sound of the multi-audio signal to a particular 
channel and for outputting the resultant signal, a calculating 
process for virtually reproducing multi-channel sound 
sources With tWo channels, and a multi-channel output 
assigning process. The DSP 11 also performs an over?oW 
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4 
preventing process (that Will be described later). Output 
audio signals of the DSP 11 are supplied to a D/A converter 
12. The D/A converter 12 converts the audio signals 
received from the DSP 11 into analog audio signals. The 
analog signals are supplied to an ampli?er 13. Output signals 
of the ampli?er 13 are obtained as reproduced audio signals 
from a terminal 19. 

The video data stream separated by the demultiplexer 8 is 
supplied to the MPEG video decoder 14. The MPEG video 
decoder 14 decodes the video data stream. An output of the 
MPEG video decoder 14 is supplied to an encoder 15. 
Control information is also supplied from a mode controller 
18 to the encoder 15. The encoder 15 converts digital video 
data received from the video decoder 14 into an NTSC/PAL 
format video signal corresponding to the control informa 
tion. The mode controller 18 is connected to an external 
operating portion (not shoWn). The mode controller 18 
generates the control information corresponding to sWitch 
operation states of the operating portion. The control infor 
mation is supplied to the encoder 15 and the system con 
troller 9. An output of the encoder 15 is supplied to a D/A 
converter 16. The D/A converter 16 converts the data 
received from the encoder 15 into an analog video signal. 
The analog video signal is supplied to an ampli?er 17. An 
output of the ampli?er 17 is obtained as a reproduced video 
signal from a terminal 20. 

Next, one of processes performed in the DSP 11 Will be 
described. When digital audio signals of 5.1 channels are 
doWn-mixed and stereo audio signals of tWo channels are 
virtually reproduced, audio signals Lo and R0 of tWo chan 
nels are generated by calculating the folloWing formulas. 

(1) 

(2) 

The calculating process for virtually reproducing multi 
channel sound sources With tWo channels is an adding 
process. The mixing/?ltering process for mixing a loW 
pitched sound as a part of a multi-audio signal to a particular 
channel is a complicated combining process. Thus, even 
signals of individual channels do not over?oW, When they 
are combined, a combined signal may clip. To prevent this 
problem, the DSP 11 performs the over?oW preventing 
process. 

In other Words, before the calculating process is 
performed, levels of signals of individual channels are 
detected. When an occurrence of an over?oW of signals that 
Will be calculated (combined) is predicted, the over?oW 
preventing process is performed. In reality, one or a com 
bination of processes (a) to (e) that folloW is performed so 
as to prevent an over?oW of signals from taking place. 

(a) A higher level portion of a signal of each channel is 
compressed. (b) Only the main channel rather than all the 
channels is calculated. (c) The levels of signals of all 
channels that Will be calculated are loWered. (d) The phase 
betWeen signals that Will largely affect an over?oW is varied 
in such a manner that the signals do not clip. (e) Signals With 
larger levels of channels are selectively compressed. 

FIG. 2 shoWs an example of the structure of the DSP 11. 
In FIG. 2, for simplicity, a surround decoder is omitted from 
the DSP 11. The DSP 11 comprises variable length delaying 
devices 22, 32, . . . , level detectors 23, 33, . . . , attenuators 

24, 34, . . . , a controller 26, and a mixer 25. The variable 

length delaying devices 22, 32, . . . , the level detectors 23, 

33, . . . , and the attenuators 24, 34, . . . are disposed 

corresponding to individual channels. The controller 26 
controls the variable length delaying devices 22, 32, . . . and 
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the attenuators 24, 34, . . . corresponding to information 

detected by the level detectors 23, 33, . . . Thus, in the digital 
5.1-channel system, the DSP 11 comprises six variable 
length delaying devices, six level detectors, and six attenu 
ators. HoWever, for simplicity, FIG. 2 shoWs only structural 
portions of tWo channels. 

The variable length delaying devices 22, 32, . . . delay 
audio signals necessary for alloWing the level detectors 23, 
33, . . . to detect levels of signals and the controller 26 to 
generate the control signal. Instead of the variable length 
delaying devices, ?xed delaying devices may be used. 
HoWever, in this example, the variable length delaying 
devices 22, 32, . . . are used so as to perform the over?oW 

preventing process In addition, the attenuators 24, 
34, . . . perform the other over?oW preventing processes (a), 

(b), (c), and (e). 
In FIG. 2, reference numeral 21 is an input terminal. A 

digital audio signal of a ?rst channel is supplied from the 
input terminal 21 to a variable length delaying device 22 and 
a level detecting device 23. The level detecting device 23 
detects the level of the digital audio signal of the ?rst 
channel. The detected signal level is supplied to a controller 
26. Likewise, the levels of digital audio signals of the other 
channels are detected. The detected levels are supplied to the 
controller 26. 
An external control signal is supplied to the controller 26 

and a mixer 25 through a terminal 28. The control signal 
designates a calculating process of the mixer 25 (in other 
Words, a doWn-mixing type). In other Words, the control 
signal designates the conventional tWo-channel stereo sys 
tem or the conventional surround system as the doWn 
mixing type. The controller 26 predicts Whether or not the 
calculated result Will over?oW corresponding to the type of 
the doWn-mixing calculating process and the level detection 
signals of individual channels. The controller 26 generates 
control signals for the variable length delaying devices 22, 
23, . . . and the attenuating devices 24, 34, . . . In other Words, 

one or a combination of the above-described preventing 
processes (a) to (e) is accomplished. 

In addition, the controller 26 detects the frequency of the 
compression of the upper level portion of the signal of each 
channel at predetermined intervals. When the controller 26 
determines that the frequency exceeds a predetermined 
threshold value, the effect level of the over?oW preventing 
process can be immediately or gradually increased. For 
example, not only the higher level (high order bit), but the 
entire signal level of each channel is attenuated. 
When the preventing process for attenuating the entire 

signal level of each channel is performed, the frequency of 
Which the peak level of each signal becomes a full-bit 
(corresponding to the positive or negative maximum value) 
is detected at predetermined intervals. When the controller 
26 determines that the frequency is less than the predeter 
mined threshold value, the preventing process may be alle 
viated or canceled so that the overall signal level is restored 
to the original signal level. 

To prevent an over?oW of signals from taking place, along 
With the level attenuating process, the ampli?cation factors 
of the analog ampli?ers may be controlled. HoWever, it is 
not alWays to control the ampli?cation factors of the analog 
ampli?ers. In other Words, according to the present 
invention, the levels of signals are attenuated only When 
there is a probability of Which an over?oW Will take place. 
Generally, such a level attenuating process is on the order of 
several seconds. Thus, the listeners cannot knoW that the 
level attenuating process is performed. 

According to the above-described embodiment, the 
present invention is applied to a DVD reproducing appara 
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6 
tus. HoWever, the present invention can be also applied to an 
audio signal reproducing apparatus using a record medium 
other than a DVD. In addition, the present invention can be 
applied to a multi-channel system/surround system other 
than the digital 5.1-channel system. For example, the present 
invention can be applied to DTS (Digital Theater Systems). 

According to the present invention, only When an occur 
rence of an over?oW is predicted, an attenuating process is 
performed. Thus, in comparison With a system that alWays 
performs an attenuating process, information on the LSB 
side of an original signal can be suppressed from being lost. 
In addition, it is not necessary to raise the ampli?cation 
factors of analog ampli?ers. Thus, S/N ratios of the repro 
duced audio signals do not deteriorate. In an apparatus that 
does not compensate the ampli?cation factors of the analog 
ampli?ers, the levels of signals are reduced. Thus, the 
listeners may have a bad impression. HoWever, according to 
the present invention, since the attenuating process can be 
performed in a short time Without need to compensate the 
ampli?cation factors of the ampli?ers, the listeners do not 
perceive a decrease in signal levels. 

Having described a speci?c preferred embodiment of the 
present invention With reference to the accompanying 
draWings, it is to be understood that the invention is not 
limited to that precise embodiment, and that various changes 
and modi?cations may be effected therein by one skilled in 
the art Without departing from the scope or the spirit of the 
invention as de?ned in the appended claims. 
What is claimed is: 
1. An audio signal processing apparatus comprising: 
detecting means for detecting levels of digital audio 

signals of a respective plurality of channels; 
predicting means for predicting, based on the detected 

levels, Whether or not an over?oW of at least one 
combined audio signal calculated in a predetermined 
manner from the digital audio signals having the 
detected levels Will occur; 

attenuation means for attenuating a portion of a digital 
audio signal of at least one channel of the plurality of 
channels When the predicting means predicts that an 
over?oW Will occur, to thereby prevent said over?oW; 
and 

calculating means for calculating the at least one com 
bined audio signal in said predetermined manner from 
the digital audio signals including the at least one 
attenuated digital audio signal; 

Whereby said predicting means detects the frequency of 
attenuation of said at least one digital audio signal and 
determines if the frequency exceeds a predetermined 
threshold and, When the frequency does exceed said 
predetermined threshold, said attenuation means 
attenuates the entirety of said digital audio signal of at 
least one channel. 

2. The audio signal processing apparatus as set forth in 
claim 1, Wherein only a higher level portion of the digital 
audio signal is attenuated. 

3. The audio signal processing apparatus of claim 1, 
Wherein each of said predicting means and said calculating 
means receives a control signal designating said predeter 
mined manner by Which the at least one combined audio 
signal is calculated. 

4. The audio signal processing apparatus of claim 1, 
Wherein said predetermined manner is a speci?ed doWn 
mixing process. 

5. The audio signal processing apparatus of claim 4, 
Wherein said plurality of channels is six channels of a digital 
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5.1-channel system, and said at least one combined audio 
signal is tWo combined signals forming respective left and 
right channels. 

6. An audio signal processing apparatus comprising: 
detecting means for detecting levels of digital audio 

signals of a respective plurality of channels; 
predicting means for predicting, based on the detected 

levels, Whether or not an over?oW of at least one 
combined audio signal calculated in a predetermined 
manner from the digital audio signals having the 
detected levels Will occur; 

phase varying means for varying the phase of a digital 
audio signal of at least one channel of the plurality of 
channels When the predicting means predicts that an 
over?oW Will occur, to thereby prevent said over?oW; 
and 

calculating means for calculating the at least one com 
bined audio signal in said predetermined manner from 
the digital audio signals including the at least one phase 
varied digital audio signal. 

7. The audio signal processing apparatus of claim 6, 
Wherein each of said predicting means and said calculating 
means receives a control signal designating said predeter 
mined manner by Which the at least one combined audio 
signal is calculated. 

8. The audio signal processing apparatus of claim 6, 
Wherein said predetermined manner is a speci?ed type of 
doWn-miXing process. 

9. The audio signal processing apparatus of claim 8, 
Wherein said plurality of channels is siX channels of a digital 
5.1-channel system, and said at least one combined audio 
signal is tWo combined signals forming respective left and 
right channels. 

10. The audio signal processing apparatus of claim 6, 
Wherein said phase varying means is a variable phase 
varying means. 

11. The audio signal processing apparatus of claim 6, 
Wherein said phase varying means provides a ?xed phase 
change to said digital signal of said at least one channel. 

12. An audio signal processing apparatus comprising: 
detecting means for detecting levels of digital audio 

signals of a respective plurality of channels; 
control means for predicting, based on the detected levels, 

Whether or not an over?oW of at least one combined 
audio signal calculated in a predetermined manner from 
the digital audio signals having the detected levels Will 
occur, and controlling at least one of an attenuating and 
a phase varying operation upon a portion of one or 
more of said digital audio signals to prevent said 
over?oW; 

at least one of an attenuation means for performing said 
attenuating operation, and a phase varying means for 
performing said phase varying operation, under the 
control of said control means; and 

calculating means for calculating the at least one com 
bined audio signal in said predetermined manner from 
the digital audio signals including the at least one 
attenuated and/or phase varied digital audio signal; 

Whereby said control means detects the frequency of 
occurrence of said at least one of said attenuating and 
said phase varying operations upon a portion of one or 
more of said digital audio signals and determines if the 
frequency exceeds a predetermined threshold and, 
When the frequency does eXceed said predetermined 
threshold, said control means controls attenuation of 
the entirety of said one or more of said digital audio 
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signals in lieu of performing said at least one of s aid 
attenuating and said phase varying operations. 

13. The audio signal processing apparatus of claim 12, 
Wherein each of said predicting means and said calculating 
means receives a control signal designating said predeter 
mined manner by Which the at least one combined audio 
signal is calculated. 

14. The audio signal processing apparatus of claim 12, 
Wherein said predetermined manner is a speci?ed type of 
doWn-miXing process. 

15. The audio signal processing apparatus of claim 14, 
Wherein said plurality of channels is siX channels of a digital 
5.1-channel system, and said at least one combined audio 
signal is tWo combined signals forming respective left and 
right channels. 

16. The audio signal processing apparatus of claim 12, 
Wherein said apparatus includes both said attenuating means 
and said phase varying means. 

17. An audio signal processing apparatus comprising: 
a detecting section for detecting levels of digital audio 

signals of a respective plurality of channels; 
a controller for predicting, based on the detected levels, 

Whether or not an over?oW of at least one combined 

audio signal calculated using a predetermined doWn 
miXing operation upon the digital audio signals having 
the detected levels Will occur, and controlling at least 
one of an attenuating and a phase varying operation 
upon a portion of one or more of said digital audio 
signals to prevent said over?oW; 

at least one of an attenuation section to perform said 
attenuating operation, and a phase varying section to 
perform said phase varying operation, under the control 
of said controller; and 

a miXer for doWn-miXing, in said predetermined manner, 
the digital audio signals including the at least one 
attenuated and/or phase varied digital audio signal, to 
derive said at least one combined audio signal; 

Whereby said controller detects the frequency of occur 
rence of said at least one of said attenuating and said 
phase varying operations upon a portion of one or more 
of said digital audio signals and determines if the 
frequency eXceeds a predetermined threshold and, 
When the frequency does eXceed said predetermined 
threshold, said controller controls attenuation of the 
entirety of said one or more of said digital audio signals 
in lieu of performing said at least one of said attenu 
ating and said phase varying operations. 

18. The audio signal processing apparatus of claim 17, 
Wherein each of said controller and said miXer receives a 
control signal designating said predetermined manner by 
Which the at least one combined audio signal is calculated. 

19. The audio signal processing apparatus of claim 17, 
Wherein said plurality of channels is siX channels of a digital 
5.1-channel system, and said at least one combined audio 
signal is tWo combined signals forming respective left and 
right channels. 

20. An audio signal processing method comprising the 
steps of: 

detecting levels of digital audio signals of a respective 
plurality of channels; 

predicting, based on the detected levels, Whether or not an 
over?oW of at least one combined audio signal calcu 
lated in a predetermined manner from the digital audio 
signals having the detected levels Will occur; 

if over?oW is predicted in said predicting step, performing 
at least one of attenuating and phase varying a portion 
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of one or more of said digital audio signals to prevent 
said over?ow; and 

deriving said at least one combined audio signal from said 
digital audio signals including said attenuated and/or 
phase varied digital audio signal; 

Whereby said method includes detecting the frequency of 
occurrence of said at least one of said attenuating and 
said phase varying operations upon a portion of one or 
more of said digital audio signals and determining if the 
frequency exceeds a predetermined threshold and, 
When the frequency does eXceed said predetermined 
threshold, attenuating the entirety of said one or more 
of said digital audio signals in lieu of performing said 
at least one of said attenuating and said phase varying 
operations. 

21. The audio signal processing method of claim 20, 
Wherein said predetermined manner is a speci?c type of 
doWn-miXing process. 

22. The audio signal processing method of claim 20, 
Wherein said plurality of channels is siX channels of a digital 
5.1-channel system, and said at least one combined audio 
signal is tWo combined signals forming respective left and 
right channels. 

23. The audio signal processing method of claim 20, 
Wherein both said attenuating and said phase varying are 
performed to prevent over?oW. 

24. An audio signal reproducing apparatus comprising: 
reproducing means for reproducing digital audio signals 

of a respective plurality of channels from a recording 
medium; and 

signal processing means for processing the reproduced 
digital audio signals; 

Wherein said signal processing means includes: 
detecting means for detecting levels of the digital audio 

signals of the respective plurality of channels; 
control means for predicting, based on the detected 

levels, Whether or not an over?oW of at least one 
combined audio signal calculated in a predetermined 
manner from the digital audio signals having the 
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detected levels Will occur, and controlling at least 
one of an attenuating and a phase varying operation 
upon a portion of one or more of said digital audio 

signals to prevent said over?oW; 
at least one of an attenuation means for performing said 

attenuating operation, and a phase varying means for 
performing said phase varying operation, under the 
control of said control means; and 

calculating means for calculating the at least one com 
bined audio signal in said predetermined manner 
from the digital audio signals including the at least 
one attenuated and/or phase varied digital audio 
signal; 

Whereby said control means detects the frequency of 
occurrence of said at least one of said attenuating and 
said phase varying operations upon a portion of one 
or more of said digital audio signals, determines if 
the frequency eXceeds a predetermined threshold 
and, When the frequency does eXceed said predeter 
mined threshold, said control means controls attenu 
ation of the entirety of said one or more of said 
digital audio signals in lieu of performing said at 
least one of said attenuating and said phase varying 
operations. 

25. The audio signal processing apparatus of claim 24, 
Wherein each of said predicting means and said calculating 
means receives a control signal designating said predeter 
mined manner by Which the at least one combined audio 
signal is calculated. 

26. The audio signal processing apparatus of claim 24, 
Wherein said predetermined manner is a speci?ed type of 
doWn-miXing process. 

27. The audio signal processing apparatus of claim 26, 
Wherein said plurality of channels is siX channels of a digital 
5.1-channel system, and said at least one combined audio 
signal is tWo combined signals forming respective left and 
right channels. 


